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An ll>lN I AL lXfOSUKl IU KAUIUAC II Vl I Al.LOU I IN A MAKSllAL.LlSI: 
l'tifl/L AllON 

Ilic 1111.'.lc..i:.cJ 11a.11lcu1.c ul lliytu1.l 110Jul.u1ly .anJ ~.u ... 1num.t o11•pc.11111g .i:. .a lo11c clh:tl 

.tfl1..r CAlkJltUfc ol the hum.1n lhy1u1d lu k>lll.t.111¥ 1.1J1.illdll I:. wdl 1c:1.ugo1.t1,;J IJc::.pllc tlu: 

lugh p1cvo1k:n~~ ut thyw1J nuJui.uily 111 M,.u::.h.sllc::.c m.1Jvcrti;11tly cApu:.i;J lu l.ilh1ul 111 19}4, 

• 'llus wotll. 11.u l>cc.:n t.:.t.111cJ uul unJc1 \.\•Ull.td C'I' 7o (' 02-0016 with lht.: UmlcJ 

St.ale~ l)q.Jilllmcnl ol Lw.:qf)" 
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IU2 LAKSEN el ol. 

unly lwu ::.uhJCl I::., lmlh o&boul unc yc.u of aat dl c•pu::.u1..:, hJvc Lcc;u luunll lo h.&\lc PlllllJI}' 

li}'l1tJlhy1u1J1::.111 I h..: 1c1..c11t i&V .. 1la1b1hly ul wphl)llt:JlcJ 1muu111u.&::.wy tcduu4uc::. lur 

lliy1u11..1nc t I,.) .wJ lhywliopm (TSll) hit.::. i1Uov.•cJ more thutvul;ll lliy1u1J C\IJIUiillou ul Ilic 

c11.ptJ::.cJ vu1111l.1lhJU who Jo nol l~vc ... nuwu 1hy101d iihnutmaln1c::. (4J Nuugd.tti 11co11lc) 

l1111iJ1ly, p1u1JliYlti1..'lh. T4 w.1s J1::.c.:00Unucd for lwu iuunlh:i. 111 a ::.ample ~H,up ul cA.p11::.cJ 

::.ulij~t..-h iiUJ I U U ol bovine TSll were ii1Ycn mlriUHlbt..Ul • .u ly. 1•1.ismJ '1 4 W.&.:. 111cJ::.u1c;.I hduu: 

.wJ 2-& huu1::. .. uc:r 'I Sil I hc mciln rn1,:rc:mc:Ol an T,. W•::. 2 4 1 1.114/JJ ( mc.i.u ! S))) rn llu: 

c:i..pu::.t:J giuUIJ, ::.1,u1h .... n1ly le~ ltwn the Vil)Uc: uf 4 2 :t I 314/JI in co11llul::.. ·1111::. ::.u"c::.lcJ 

J J1.l.ICJ:.C: IH 1hy1u1J lC!ioCIVC m CAlkJ~CJ sulj,tc:1.-h A«:1,;u1Ju11I)', pro11hyl~u:lh.: 'I• llt:JllUCOI WJ) 

J1:.1..uul111ui:J iu1 lWu munlh::., itnJ b.a~I pl4:.m.a T,. 41.J TSU, Iii!!. wcll a?. Ilic lll~ICHll'lll m T.Sll 

.aHc1 I hyrntrupm H.clcJ!llll& Uuunonc tTH.JI) w111::. mcuureJ. l"hc upper hmll ot lhi: mu111Jl 

Li ... :...11 pJ.i:,111.i I Stl WJll J µU/mJ 11111J oJ lhc TtUf-mJm:cJ TSH rcspon:.e wa!l ll µlJ/ml 111 

1..uulwl Mo11!t.hJlk;,e ::.ub1ci.:h. J-ouur uf 4J Koncdapc~ h.-J .abnouu.illy htgh b.isal T~U anJ 

l Hll·mdul:cJ ·1Ml1cka!t'! un lwo ::.ut:h tests as oppux:J lo 0111)' lwu uf l 14 ..:un11ub l'IJ:.111.t 

I"' L"Ulh:cnlr<illou) were low, or low normal m lhc::.c 1uJ1viJual) lht:::.c 1t:::.ulh mtlh.:ah: tin: 

1Hi.;~1h.:c uf c.atl)' ll.1y1u.1J Jy:i.lum.lhlll Scvc1•I olhc1 ::.ulJjci.:b luavc ::.hown 41 h:.a:tl unc 

o1lrnv1mal 1"1uJm" hul h.ivc uul ho1J the ICllUUcJ number ul h:::.h lo mcct lhc c:,IJbh!iohcJ 

i.:1Ucfl..t. 111 tlucc: 4u..t.1lco uf thci.c: i.UhJCi..:ls Ilic cs11mah:J lh)'rulJ cxpu~u1e Jo::.c: Wifl3...: 400 fJth 

llylJ'1lhy1u1J131U h.i:i. been p1t:VlllU:ioly nuh:J 11ftcr lhcupculh.: do:::.c!lr. ul IJll for h)'pcrlhyw1llb111, 

liul nul Ul u1J1v1Ju.d!ir. C!lpo)cJ tu lhc tcliil.IVd)' low kvcl!ir. ul" lh)'rutJo1l 1ad1..t.llon ( < ~00 1.11J:i.) 

c!lr.11111.J.lcJ lu1 lhc~ mJ1vuJuJb. 

UAl 'KGIWlJNO 

Tiu:, 1cpuit ~out..:Cflb late 1a,h..attu11 clkds on the lhyro1J an a population 1n 

1l1e MJ"h•ll blJllJ> 11wlvcr1c111ly cxpu>eLI lo lall-uul ·1 he acc1dcnl uccuned on 

I M.uch I 'J54, Juru1g the U111lcJ Slalc> a101111c lc>lmg pwi:1am111c when an 

u11c>..pcdcJ ::,haft ol wuu.h, fotlow1ni!" l.klonallt>ll ut a lht:nuonudcar dcY1~c al 

lhkuu, l..41U:i.cJ r.tJao.td1vc IJll oul to he Jcpo:i.ucd on ::i.t!Vcral mhab1tcd 1.sl,rnds 

lo lhi.! c.t:i.I l:vac.:ual1on ol cxµo:ttJ pcnun:i. WJS ac.:...:umphshcJ l>y two Jay~. Thc 
lullowrng were c:i.l1mal.:J whole l>udy gJmma Ju::.c:,, m lhc Mar::.h..all..:~ 011 three 

a1<1lb. Ku11gdJp (1>4 pcupld, I 75 ratls, A11i11gnac ( 18 people), b'J raJs, auJ 

Uuuk ( 158 people). 14 1; .. uh (I here wi;rc &1lso ~8 Amuu.:..an ::.crv1t..:cmc11 un Ilic 

bl •. mJ ul ltu11gc11k who 1ct:c1vcl1 al>oul lhc s.imc exposure JS lhc Adrng11Jc g1uup.) 

Al"uh:! died~ ul g.tmma cx.pu~urc wc1c 11otcJ m lhc l<ungclap aoJ Ailiugnac 

gu>up~. t,ul uol Ill the lJ11r1k group. ·1 hc:i.c t:u11si~1t:J uf c•nly, lr&111sic111 J11orcx1a, 

11&111:tc..a ..aud vum11111g 111" numl>cr ul pcopk lollowcJ by l1..:p1c~1011 uf while l.Jluud 

l.'.db •. rnJ plt.1lclcb h1 .. Luul hJlf 1101 mal kvds 1;01 (UHJldy l11c hacmalulut;,lt:itl 

dcp1c~Mon w..a~ nol great cnou~h lo rc:i.uh 111 Jclcd..ablc t:hlllL..al :tlg1.1:, of 111fcdHHI 

or Ulccdmg Nu :i.pcnlic lhcrJpy WJS Jh.:·t..:c:t:tary anJ 110 dcJlh:t oL·t..:urrcd, Jilli 

bluoJ ...:db 1du11h.:J lu 11ca1 11u1mJI lc\'d::. hy u11c year. 111 adJ1l1u11, Ill Ilic 

H.1111gdJp .trn.1 A1h11g11Jc g1uup~. hcg11111mg Jl.luul lwo wcl'.k!> pu::.I expu::.urc, 

1.11llJl11111 hu111":> ( 'hL"l.1
1 

bu1w,) Jud ::.pully q11IJl1t111 ul Ilic l1cJd di.:vclupcJ whi.:1~ 

I.di uul 111.1h"11JI l1.1d l1n:11 \kpu:..lll'.d oo lhc ::.k111 I ltc::.1: lm111::. WL.'.IL" l.i1gdy 
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::.11pcd1ual i . .111J healed w1l111u ":>C\lc1JI wn::k:i. w1lh IHHmJI 1cgrowlh of liJll Slight 

:i.t.:JJJ 1ug rc1u.11ucJ m :i.omi; CJ=>C::. bul lhJ J.:vclupm1..'lll ul :tkm m ... llg11J1h:y h..as 

bcc11 11utcd IU suh~qu.:11l yc ... r:t Auolhcr ::.our1..c ul expu::.u1c &II .111 the blJJHI 

group::. c.:.trnc Jrom i11lcra1JI ..absrnp11011 ul CJd1u11ud1Jc::. lrorn 111hJIJllun .tnJ 

111gc::.llon ul l..UlllJllllHJlcJ luoJ J11d w.tlc1 H.udtu1..hi.:111lt..JI u1111Jly=>c::. lllll Jurt11g 

lhc h1::.t kw week:. :i.l1uwcd llic luHuw111g t'::.lllllJlcJ hlldy l.H11Jcn::. (µ( 1) ul lhc 

pJt1Klpul 1.ttlio11ud1Ji.::::. Ill Ille H_,wgdup poplll.tl1011 JI ouc d.ty po ... 11..·>..pu::.urc 

""S1 I.ti 2 !, 1-1uHJ 0 J4 2 7, fJIC c,11lh g1oup 0 I 2., ui1 (ill lhy101d gl..auJ) 

64 112, ' 0 'Hu0 OOIJ. 4 'C•O 0019, J11dll»1lc111Jkt1alO OOltdµg) 

Nu "'':uk symph1111::. wc1e nulcd Jrom till::. 111lc111..al Jli":>olpllou ol 1.1d1tJHt1cllJc::., 

JUJ hy six rno111h::. ur111..alysc:i. mdll..Jlcd I hey were vu IU.tlly co111plc1cly cl11111uukd 

Ne\'c:1 lhclc~::.. the c..ally cxpo:i.u11: lo rJd1u1u1.l111c:t Jc:tullcd Ill =>t"fhHt:i. uuury Ill lhc 

thy101J glJIH.h w1l11 late died::. lu hc dc:i.cuLcJ l1dow "I lie l11yro1d Jo~c wa::. 

~st1111alcd lo he cu11~1JcrJlJly lugllc1 111 lhc d11ld1c11 hcc.:au!lc ol Ilic smalle1 :i.11c 

ul the lll)"ru1J gl..anJ:t. In llu.; Ru11gdJp pcupk the ll1yru1J Ju::.c 110111 g..amma 

rJd1..al1un JOJ taJw1ud1nc:t t1n111up .. lly 111 1, •1ll, •H1 and IHJ' w.1s l.':i.11111..akJ to 

Uc Jhoul JJS rJJ::. Ill lllc udulb whl'.lCJ~ Ill 31llJll d11IJ1n1 lhc Ju::.c::. IJllgcd up 

to 700 1400 JJ1.h I he lhyru1d do:i.cs Ill lhl: A11t11gnJe Jiili lJl111J... g1uup::.. were 

exlr.tpolJh:J Jro111 llu; l{ongdJp c::..l1111alc:i. J~::.um111g the r ... 110 ol whok htllly 
gamma ;.mJ 1uJauc Jo::.L.':i. were lhc ::.ami.: dS 111 lhc Kongd.tp pc:oplc 

~·ulluwmg lhc mllldl !:r.luJ1c::., a1111u..al cxJ111111..at101b .111J, 1111uc 1c1.."c11lly, 

quJ1(c1ly cx.a111111JlllHl!:r. ol lhc cxpo:i.1..·d pcupk, a::. wcll .t:-. Jll u11cxpo":>1.·d ulllltol 

Ma1!:r.ll;.illc:i.c populJlllHl, hJVt: hcc111.·J11u:d oul, and JC!:r.Ull!:r. ol llll.::.c cXJlllllMlhHl:t 

hJvc l>crn puhh>hcd (I 4 I 
111 lht: hr:i.l lcu ycat::.. allcr lhc aLnJenl lcw l111d111g::.. wcrc noted l11Jt could 

bc rclakJ tu fJthJllOU cxpo:i.urc. An llll..ft.:J!:r.c 111 m13L..a111agc':) .tnd st1llh11tll::. 111 

Ille cxpo:,,t.::J Rongd.ip wumcn w..i:i. lhuuglit lu be pu::.::.1bly rclJlctJ tu cxpo::.urc 

Uur111g lhc ~cc.:uutl Jct..:.tdc, huwcvcr, sc11uu::.. I.ate dfrd:i. dt.:\'ChlpcJ rclJlcd 

p11mJ11ly tu lhc thy101J glJ11J. 111 a,tJ1l1011 J KungdJp lllJJl wlio liad been 

cxpo~cJ at 011c year ol age, U1cJ ul a~utc rnydogcnous lcukJelUIJ wl11d1 w.1:t 

hkdy 1cl.ilcd lo 1JdlJll011cx1><1'Urc131 

Uctotc lhyrutd ..aOmumJIHh .. ~!:r. bct.:&111u.-: app..a1cnl, ll WJ~ 1wkd lh.tt Jl•lHJl 

ll\'c;: d11ld1cn c:xpo:tcd al lc:t::.. lhJH hvc yi;ar~ uf ~1gc ::..)lowed '.l.UJUC dcgrt.•i; ol growlh 

1clJHlal1on 141 In twu l>uy:, growth 1clMdJl1ou wa!:r.111a1"-c<l a1Hl lra11k myxol.'dcm.i 

th:vdupcJ Tliy101J l1ypolt11h .. l1Un 1datctl (u tliy10HJ 1Hju1y l..ak1 bcLi..llllC appa1c11l 

with more ":>opl11::.l1Lalcd kdrnu1uc:i. 101 dctc1111111111g thy11..1x1nc lc\'cb. II wa:, 11ul 

tlctcLtl:"J c.uly ltl the d11IJ1e:11 l>)" PBI Jdc111l111Jl1011::. hc1..Jt1::.l· ol 111..a~k111g of t1uc 

ll1yru.\l1H..: lcvd:i. hy u11u:i.uJlly lugli kvcb ol 1udupculc111, l..alc1 luu11J lo he 

(hari..ldCll~ltl" ol lhc M.1r"\hJlk:i.c people 151 

Nuduk::. ol Ilic thy1uid glaud licgJu to J)l(>l'.Jf 111 ){u11gcl..1.p d11ld1cu JIHI lo 

J k'>-.cr cx&cnl m Jdulb h1.:g11111111g Jhuul 11111c yl.'."a1::. po!:r.l c>i.pu":>llH: 1"11c::...: 11uJulc::.. 

11..lv~ l..U1tl111ucJ lu JjllJl.'."JI uvi;1 lhL ::..ul1::.l.'."1.jlll.'."lll 15 yc.1c::., Jud vuluully .tll ol lhc~c 

-:47(. 
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TAUi L II l'l{J(lH I: Vllll:NI 'E OF TllYIWlll llYl'UFUNl TIUN AND 
t'ALt'ULA I Hl I llYltUlf) EXl'OSUkE 

IJc::.1..11p11un 

I wu ll>UhJc:..:b wllh h.t.nk hyvu1hyro1J1sm 

10 y.:1u:. o1Jlc:r c:xpo:.u1c 

l. hvc: ::.Ubjc1..h wUh l1)'pulh)'1UIJl)IU Uf 

Jc1..1c.i:.ci.J lhyro1J 1c:.c1Vc p1c-ope1.allvdy 

J lucc: :.t1bJci.:h with 1111p.urcJ tliyrouJ 

tuu1..11un lulluwm& ::.ublul.al lhyr•HJc...:tumy 

Sul1Jc~t 

1Jc11t1t11 .. .il1011 

11umbc1 

JO 

Jj 

41 

6) 

17 

l 1 

b, 

I hyw1J 

c::.ll111JtcJ Ju::.c: 

(1.aJ::.) 

1150 

1150 

HIO 1150 

HIO 11 )U 

HIO II )0 

HIO 11)0 

HIO 11 )0 

HIU II >U 

HIO II )0 

HIU II >O 

I AUU: Ill kLSULI S OF TSll S llMlJI ATION TISIS IN l:Xl'OSUl 
IWNl;l:l.AI' SlJUJLCI SANO (UN lkULS 
McJu 1 SD 

l'oultuls 

l:Jt.Vt-):OC:J H.0111.tl;,apc:.c 

(11 - lo) 

ML: I llOl>S 

Med.II ><!fUUI r .. 
pnu1 tu l'Sll t I 0 U IM) 

(14/JIJ 

b 0 1 1.7 

b td 1.7 

Mc.an :.c:1um "1 4 

llh:u:mcut 2 .. h Jllc:r ·1.st1 
(µg/JIJ 

4 . .! ! 1.3 

! 4 t I l 

S1111l1c:-. were pc1IOJ111cd du1111g lhc J!lllu .. tl or :::ict111 a1rnu.ll v1:,.1b of the 

U1uukl1J.'fl.:ll 111c<l1~al fcJm lu llli.: M1..u:.lwll bl.111J.':l. SuhJcLl:::i were llhlrth.:kd lo 

d1:::auH1l111uc lliy101J mcd1Lalion lur lwu 1uu11th::i lH.:lu1c lhc :::ilw.h.::::i of lhy101lt 

t 

____ J l 
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luw .. ltull wl11d1 .arc Jc:::iu1h1.:d lxlow. (kLJ:::alOHJlly, llu:-i u1:::il1uLl1011w.n1101 

JutluwL:J. lluwcvcr, lhc 11Jll111.: ol llac lc'l.b p~1lo1mcJ wa::i ::iud1 ll1..1I llu:::i 

Llll.lllll::il..111Lc would u::::iull rn JH U11Jc1c>t1111Jl1uu (rJthcr than Jll uv1.:rc>t1111..1llu11) 

ul lhc hcquc11Ly ol ..1lmu1111..1lll1c> 1n 11ty1oiJ hu11..:11ou 

l'IJ:i.JHJ wa~ ::icp..11.1kJ by Jlluwu1g the h.:J cdb lo ::i..:d11m.:111 ..111d WJ> lr<lLcll 

w1tl1111 eight IHHH::i ;,1tlcr uh1.uuu1g the :::i1'Cl.'.1J1H.:11 Sc1u111 1'11yuuJ S11mulJt111g 

Jlo111101h! l fSll) Jlld lhyrox111c ('1 4 ~ Wt.:tc 11lt.:J:::aU1cJ J:::a pn.:v1uu::ily Jc::ic11lx:d pq 
'the 111u111..1I 1J11gc Im :::icu1111 ISll rnuu1 lab0&..1tury b lru111 <005 lo j µU/ml 

111 lht.: UiukJ St...ih::::i pupul.ilhHI (mean 2 OµU/ml) lllyrutropm H.dc..1::img 

llor11HHU: ( l'Hll) ::ill111ul.a11011 tc::ib were ptrJ01111cd by 111111-,1011 uJ 5UU µg ol 

TH.ll 1ulr.a'r'cUuu:::ily, pl..1::i111J ::iiJlllJllc~ wc1c uhl..11111:d .al 0 ..1nJ JI .!O 111mutn 1.1f1c1 

th..: lllfll~IOll 'ISIJ ::il1111ulaltu11 k::ih WCI!: pl·ilurmcJ hy ,1d1111111>l1.ahu11 uf ll.:11 

u111b ul Lu'r'luc 'ISJI 111ll.a111u::iL'l1l.uly with pl..l!)JHJ ul1t.11HcJ Jur ·1 4 Jctc1111in.alll..111::i 

l>cfuJc IHJCl.llun ..111J .!-4 huur!) l..1lcr 1'11l· nur111JI ra11gc (or ::i.crum T .. L:um:e11l1Jllo11s 

)) 5 IOµg/JI l·.~11111.111011 uJ llic llt.:C llJdlOH ol ..... WJ:l obt.urn.:J lty a rj 
d1.t1Lt>JI upl..11>..c 1111.:llwd Jcvi.:lopcd 111 uu& IJl>uraloJy ( IU(; l11Jcx) I wcoly live 

µI ul plJ:::a111.a .trc 11H..ul>Jlcd 111 I 1111 ul glyL111c .tl'.i.·l.atc Uulfc1, pl I 8 t>, Luut..iuung 

IBI T..1. Dcxl1..1u LUJlcd d1.a1LotJI is.added .tl ·f'(' wHl1 :::iulJ::icquc111 cc11l11fug.alHHI 

lu :,cJ1111cul llu; d1..11cu.1I. I he l1.ai.:t1u11 uf the lul..11 IHI I J huu11d lo dlJILOJI 

i::i. Jck111111u;d a11J lhb 1c::iult IS 11or111Jl&tcd tu the rc::iulb of ::i.11uul1iJ11cou::.ly 

.t::i.::i.Jyttl quJllly cuut1ul .:,.tmpk.::. Lu11la111111g 11ur111.tl qHJlllllh;::i ul 1 4 a11d 

thyrux111c b11Hl111g glolml111 (I Ht.~) I ltc HOJIUJI r.angc llH Ille ll'::::il 1::i. 0 85 I 10 

Tl1c 'I U<I l11Jl.'.x JllLICJ::ic.:, p..11..1lld tu th..: lft:l'. l1.ad1U11 uJ lhL' ::ri.:flllll 14 ..111d l J 

.a11J b U1c1clu1i; dc'r'Jh:d 111 hypc1 lliy1uuh'>11\ or TUG Jl'11Llct11 ... y. 

Kl·SULI S 

TSll slimulaliuu lc>b 

f'u ddCllHIJIC wl1cllic1 Of llUI lhc1..: WJ!:i. 1111p.111cd lliy101d IL''>l:['r'C Ill lhc 

L:xpu::icJ ::i.ubJccb, 'I Sil ::ilimul.allu11 k::ih Wt.:n: t.:..1111cJ oul U'.':>lllg .rn lllLft.:J::ic 111 

::i.cru111 I" a::i tile 1L:::ip11H::i.L l.'.11dpollll 111 1101111.11 ::i.uhJ~d') lll Ilic lJ11Jll'd S1.1tc::i. ol 

AH1l:l1LJ, Ilic fllL.:,Jll lllLIClllCll( Ill l'IJ:::alll<.1 r .. WJ') ... 7 1 I µg/dl (llll'Jll 1 SD) Ill 

IJ ')llhJnh lollow111g 111Jcd1u11 uf 10 U oJ l'Sll. In 'l.al1k Ill .1n: ')liuw11 dJIJ 

Jut tlac M.ahli.111 bl.111d~ popul.111011 I Ile n111l1ol ::iuhj..:L b who h.1d 1101 l1cc11 

l"XPO'>l:d lo i.ull.alh>ll WL·1t..: g1'r'cll 'I SH, .111d Ille 1111.·.lll lllLll:lllClll 111 'l 4 WJ::i 

4 11 I J (SU) 1101 :::il,1ll:::allL.1lly ddk1L·Jll IHJlll lln: IL:::alllb 111 Ilic l1111kd St.1k'> 

pllp11l.111un lluwcvL·1. 111 2..f cJ1.JH1:::aLJ l{1111gd.1p :::iul•Jn.h, J 1111.:.rn 111L·1t·111c111 ul 

1111ly 2 4 t I 2 µg/JI w.1:, ul11.a1111..:d, wll1d1 w,1., ..,1g111lll..t11lly k:::i:::i (p ...... 0 001 J th.ill 

lH lliL' LOllllul :::allliJcd::i 

.,,,., 

..... 
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TAIHL IV IJASLLINE Sfl{UM TSll CON('l:N·I RATIUNS AND IU'.SPONSE 

I U 500 µg nlYIHfl ROPIN KE LEASING llUN.MONI' tTH.llJ IN CON l'ROI 
MAH.SllAI I.ESE SUOJHTS 
M..:au 1 SIJ 

u .... 1 ISll Mc.an 1 SO 

a.uaac 
1~11 .W•11111.alk1 clttU 

KiUlll! 

µU/1111 

2 0 t 0. 7 J 

0) - J.U 

l I 5 t 4 5 

~ 7 - lU 

IABLI: V !'l<lll'RIA HJR Tiil IJIACNOSISOF BIOl'lll:MICAL TllYl<OllJ 
IJYSHIN< 'TllJN 

tia:i; .. J pla::.u'• I Sii 

01 

a HJ::.dl 111.t::.111<1 'J Stl 

1, Pl .. :i.m .. I .SU 11Ue1 ·1 kU 

> 5µU/1ul 

> JµU/1111 

> l.2 µU/ml 

on lwo O~l:o1•to1u 

Oii I WO Ol.&.;ol!;IOll:i. 

fAllU VI FREl)lJl:NCY OF AT l l'AST A SINGLE ELl'VATEU IJASAI. 
Sl'.IHJM I Sill 'ONCEN ll<ATION IN TllE MARSllALLFSl POPULATION 

l'u1111ol uuc.JLvu:i.t:J 

Ut 1uk c llp .. 1::.cJ 

( J hy101J tlo::.c < 1)5 t.aJ::.) 

Ku11gd.i11 .iuJ A11l~ndc c.ICpo:i.cJ 

(!)uli1c1.I-. 'tNJlhuut :i.111~c1y 

.sull cxduJu~ Nm. j & )) 

Numlu:r 

lt)).lc;.J 

115 

~~ 

4J 

Nu111bc.:r 
>JUµU/ml 

II 

J l 

II 

)I, 

IO 

I! 

lo 

__ j l 

I 
I 

j __ _ 

IAl:A SM·lH/i07 I o•J 

Ua!lial !I.Crum TSll t.·on.:cnhaliun!li auJ l"C:'l.pon':r.e (o 1 IUI 

Smu: 1111: lllU':r.I ':r...:ll':r.JllVl'. wJcx ul 1111p.111cd 1hy101J IUlldllJll 1s .111 ckv,1lto11 

111 !IL'HllH TSll wJud1m.:..:u1.)1Juu11gli thl' l1ypulhJiJ1Hll-pllttUJ.1y-1hy1u1J lcc~bJLk 

JXl!I, :,t:ru111 I Sii ..:ouLL'lll1..1llu11!:a a11,t tln:-11 lt:!IJIUll!:at.: lo 11<11Wt:lt:111c.1!1Uh.:d Ill 

bolh Ilic umuol .uni 1lic c.>q1u::i.t'.J 1{1)11gdJp popul..1lw11 In tHl111.11y hypolhynud1:,u1. 

lllL' 1t::-.pull!:aC of 1111.: p11l11l..1ry fl) ) RI I h i.:xu;!l!llVdy g1i.:..1l p:SJ. ML.111 bJ!IJI I Sii 

wa:i. 2 µU/wl 111 2) 1um-cxpo!1cll cu1liy1uu.I M.11sh.ilh::,c, •mJ 1111.: 1.t11g1: WJ'> hum 

unJdcct.1lJk !<O US µll/1111) lo> J µll/1111 ( fJhk IV) S..:rum fSll 20111111111<.:> 

lollowrng 11<11WiJ!I1111. . .:IL'.J!ll'J Ill JJl LOllllOI :-.Ubjnl!I 1111: llll.Jll IJICIL'.lllL'.111 WJ!:a 

) 1.5 t .J.5 (SIJI wllh" IJllg< ul 110111 .JI lo 2Uµll/111l lhn1· 1nulb "'" lllll 

:.1gu1J11,,.,..1111ly J1lh.:rc111 l10111 llw:-.c p1cv1uu:,ly 1qw1lnl Ill ullt1.:"1pupul..itaon":>19) 

()JI Ille l.>J.!:ab ul llll . .::i.t: SIUJJL'!I, l.:lllt:rlJ WCh'. nl.1lilbhcd Im t..IJ!i'.>lf&cJllull ul 

p.1111..:ub ,1!1 i1J.v111g bu1d11.:1111t.:JI cv1tk11Lt: uf 1111p.t1Jl'.tl tllynud lu11t.:11011 rl1c:i.l' 

t"11ll'no.i .tit: :,u111111.J.1JLt:d 111 1 .. Liti.: V, Jiili mdwk c1llil'.r two lJ.J.::i.JI ·1s11 ddc1111111.J.

l1u11:-. gtl"Jkl 111..111 s µlJ/lul t> ... :-.IJlldiilll dcVIJIJtlllS JIH•YC lhc llll'Jll) ur l.Ja:,.il 

"'"""" rs11 :> J µll/1111 (1.111 < '.> µU/1111) J11J pl"""" I Sil Jll..:1 Tl<ll > 22 µlJ/ml 

('011Sl!1lc1il llli!loCl\li.illOll!lo Ill lhl'!lol'. 1.wgc:i. WCIC rcqlllll'.d l)ll (WO o...:L'J!:alOlh (0 lllCd 

lhc t..:1ik1IJ lu1 b1ud1c1111L.d cv1tklll-C ul 1hy1d1d dyshtrh .. lltJll Wluk Sl'.llllll T4 

..:011...:l'.lllrJl1u111::i. Jll llllJhHl.tlll dctc1111111.t11l Ill Ilic thyroid '.llJlu::i. uJ lhc 1ml1'11du;.d, 

(HC\llHl!I !1llld1c:i. ltJ\IC ltllltl·alcd lhJI t:vidcllLC ol lllljlillll'U tht'flHd lu11d1t11l l.'Jll 

l)c d1L1kd hy lhc:i.c ll'::tl::i. hdurl~ !l.l'.llllll ·1 4 L'UllLl'.1lll.1lio11s hJ\IC L.1lk11 hcl1)w 1111.: 

11orrn.tl r.Hlgl'. I 10J I hc1dd1t:, lite :i.t.:flllll I .. LUllLC11l1.1llu11 w..1::i. 1101 u:,cd .1:-. .i 

L'llklhHI Iii l'.!l(Jbll:i.hlllg lilt: d1agJIO!lol!10f1111p..111i:d 11Jy1u1d llllh .. (IUll 

111 'I Jl.>k VI IS :i.lww11 the l1t..:<Jlli.'.lll.'.Y of Jl IL'J:,l J :,111gk ckv.ill'.d b.i":>JI I SI I 
conct..:11l1alHHI 111 YJliuu::t M..11:i.l1..1lk:i.c pupul.ilHHt:-.. 111 J u11111ul g1uup ul 11) 

whu wc1t: llt>l cxpu:i.t..:d to r.tJ1..1l1u11, 11 :-.uh1c..:h 01 10',:~, ol lhc popul.ilion hJ.d 

•><rum I Sil g1c•IC1 than J µU/1111. 111 kn ol lhc>c. sc1u111 TSll wa> unly 

11111111l1Jlly clcvJlcJ 14 Oµll/1111 ul k»), th..: 1..:111a111111g VJ(uc WJ> o I µll/1111 Nu11c 

ol lht::i.e pJl1culs had Jch:clahk dmical hypolhy101d1:,m or lhy101d cnla1gcmc:nl, 

liul Sl:1 um T,4 l:Ulh.:cntralluu~ w~•c gc11t'nilly IU lhe low nu11uJI rJngc 

111 the cxpo;)cJ lhn1k pupul..1l1u11, I]. ul 99 ~Ul>Jct.:h (C'loh:d hJJ JI k.t::i.I Ollt! 

bJ.sal :,c1u111 TSJI gicalcr lh.tn 3 µU/ml, lhuugh 11onc ul liu;!:ac w.&:. 1n CXLl'.!IS uf 

5 µU/ml ·111c rnuJc11L'c ol clcvakJ 'I Sii 111 th1::i. populdl1011 l!I nut Mg1111it:a11tly 

J1fk1c111 lrom lh..11 of the uucxpu:,cJ g1oup. 111 lhc Ro11gcldp anti A1lrng11ac 

populallou, 11 ul 43 ::i.uhjcds Wl"IC 1ou11J lu have al lc~tSl d s111gk ckvalc:d ha:i.al 

scrum rs11 g1cJkr lha11 3 µU/iul, auJ m two l.J!lol::!I ::i.crurn TSlt wa;, Ill CXCC:i.!) ul 

7 µIJ/mJ, a11d Ill (WU (J!lo!.::::t ::.CIUIH fSll WJ~ Ill CXLC!:a!:a uJ 7 µlJ/1111 '1111!1 l::t iJ 

::i1g1111icanlly lughcr prcv.tkll'-C lha11 111 Ilic oilier lwo ,g1oup:i. p11olcd (p < U 05> 
111 l-1g I au; shown tlii.: IC":>pu11:i.c!:a tu flUI l>f Ilic lour 111d1v1duah who md the 

nllc11a given 111 Table V l'llc 1wr111.1I ba:i.lal TSll ,111J 1c::.po11:-.c to I t.U I .11e :i.tww11 

111 llle !:ihJdcd U..11::i.. In thc~c lour 111d1v1J11..ib. lltl'. l..J!llil !ll.'.flllll TSll WJ!l. clcv..11~J. 
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FIG I &1111 µlasm1.1 TSJ/ u."'J TRIJ-s11muluuJ TSI/ 

m culh_)'ru1d M11nh11llcse 1rnd 111 fuur exµvud sub1et IJ 

w•lh b'"' h.:m1t·ul t:.,ult:w.:t: uJ 1111/h.llft:J 1hyru1J 

funt:l1u11 1'1'4s111t1 hUJ ub1u.111ed 2U 111111 iJ/lt!r 111/1.HWll 

uf 5UU µr, HOI J'ht: uppt:r /,,,111S oJ the 11u1tuul ru11g1o.· 

urc- mJh.ult:d b}' llu: slluJeJ bu.rs 

rAllLI: VII CllAHACIHHS llCS !JI' MARSllALU.:SE wn 11 lllOClll'.MICAL 

lo Vllll:N< ·1: !Ji' TllYHOIU llYSHJN< 'I ION 

lc->Lunalcll 
Se1um T 4 fll<il 

T 4 lo..:aa:m..:nl 

!:iubJc:L:I 
Aai.c ctl 

lh)'ro1J Ju:i;c 24 b 1• lSll 
C:llpu~UJt 

(11J~) (14/JI) 
Unll~ 
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awl 1l1c 'ISll r..:.-.ptH1~c lo 'I JUI WJ~ Jbu ~1g111fh...a111ly 11u:1ca~Lll, 111d1t.:Jllllg lhc 

p.-c~cnLc ul 1mp.i11cd lhy101d luudh>H 

Ill 

Cllarat.:h:rl!ilil:!i ot Mar~li.1llc!-tc with biol·hcmh.:al cvu.lc1Kc of 1hyruhl liyslu1u.'lio11 
' 

111 'IJLk VII aic p1c~c111cd the rc~ulb of ollti:t ::i.ludh;::i. m ll11: luur md1v1Ju.d~ 

wllh h1od1c111tt.:JI cvuk11Lc of 1mpJHCJ thyroid ll11}lf10n. Al prc::i.cnl, lhc!-tc JfC 

lhc uuly 111J1\'1JuJb who hJvc lull1llcJ Ilic Lrlll'lla dc::i.t..lllH.:J lll lahk V, lhou~li 

::i.1.:\'c1al ullu:1 ::i.uhJct.:l:::a have ::i.lwwn .11 IL~t1Sl one almormJI lrnJmg tiul have 1101 

h<uJ the n:qui1cJ 11u111l.Jc1 ul k::als tu mccl lht: c::i.lt.tbl1::i.llcd L.rlkrlJ 1"11c agc JI 

CJ\po~urc VJrltd liuiu lb tu 3~ ycJr::i. auJ the c::,,t111\..1h.:d lhyru1J Jt)::i.C WJ!:» tl1uughl 

Iii three UI loUJ lo l:x; lc::i.::, ll1JU 400 fi.llb SL"llllll r .. l"OllLClllrt.tlllW3 lll Jll lour 

::i.ul>jcd::i. •. uc IH the hJW 11u1111JI IJHgl:" when co11::i.1Jcrcd 111 lht: llghl ul their 

c::i.lmaalcJ ::i.c1u111 Tlty1uxmc-U1mll11g Gluliulw (I UtJ) SuhJi.:Ll::i. 74 amt 71 have 

appruxlmJkly 1HH 111.JI ::i.c1um 'I UC ~011i.:c11lrt1l1u11::i., whcn.:J::i. ::i.11bJci.:b 78 a1hl 4 

t1ppJrc11Uy have J 111udc~1ly ckvJlcd ::,cuuu TUCii In the la:::i.I LUlu111n of I al>lc VII 
dfc shown rc:::i.ulh uf the 'I Stt ::i.l 1mulal1uu lc::,I~ ut thc:::i.t )UhJCl.b pc1 formed 111 

ltJ'/4 111 t1ll ll1rcc, tlit: ::i.c1L1111 l 4 1c'.)po11~ 10 'JSJI wa::, 1111pJ1n.:J, ::i.uggc::almg 

Llcac..·a:,ctl thyroiJ 1c~c1Vc 

IJISCIJSSION 

Au J::,::i.ouJllu11 uf lhyruad 11udula111y dlld c.J111.:c1 w1lll prwr r.uli.JIJ011 uJ lhc 

llay1u1tl glJ11J, pa1 lu.:ulJily 111 yuu11gc1 p.ilh.:11b, •~ wdJ rc1.:ui;111Lcd .1111.I lhc 

.t)Sudalloo hJ!ii rct.:c111Jy Lcc11 1cvacwcJ l I I~ In JJJ1t1011, II ha::i. bcc11 n.:t.:ug111Lt:d 

lhal rJdldtlOll tu lhc lhy1u1J Jcllvcrcd m lht'. 1.:oursc uf ln~Jllll~lll ol p.il1C11ts 

w1l11 thy1tuJ Jy::i.h111d1u11 t::i. ..&!ii::ioUL"Jalcd wlll1 llypullly1u1db111 Ill a :,1gu1fllJ11I 

had1u11 of lhc pJllCllb (a> lngh J> 50'){.) al the h1ghn •lll>Jgc lc,cb I 1.! I I he 

luwc::i.t Jo::,,agi..: u.n1::a1Ji..:1cll m prcvlOu::i. ::i.tuJtt:::i. ul tlu::i. lypc hJs been JpptoXllHJlcly 

3·100 r..11.b c::i.lllllJkt..l du::i.c lo the lllyro1d wl11d1 wa~ a::,,:-.01..·1<.1h.~d with a (1% p1l>hJh11ily 

uf hypothyru1u1>111 w1lh111 one ycJ1 Jnu " I J'J.. pwhJl111ily 111 I J ycJrs I 1 J j. 
I'hcrt Jtc kw JJla J\'JllJLllc 111 lht lllt.;1atu1c rch1l1vc tu the pOS'.)JlHIUy ol 

hyputhyru1db111 fullowlug 1 HI dusagt:) di lc::,,s lllJH 2500 1.tJ::i.. P1cl1mlllJry Jt)ullS 

ot l1J11111lun Jnd I humpkius ir1d11..:a1cd lhiJl c1ghl ol 44.l ::i.uhJCd) (I .81JH ::.ul>:,c~ 

qucully l>t:L.:amc llyputllyroh.J .1fk1 Ji;.1g11o::i.lh.: 1
J

11 tc::i.b al lc)::i. lhJn I b yt:Jh 11 JI 
A ::i.u111111Jry of tltc:.c prcltm111a1 y dJla ha::i. hccll prt:-~L·ntcd None ut I .to ::,,uhjcl..b 

wuh J.11 c::i.U111.11cd l11y1t.Hd Jh)u1bt:d Ju::i.c ol JU rJJ:, dcvcl11pl·d hypolhyuud1sm, 

llut l111cc ul 14t> suhjct.:b ri..:...:civ111g JI (L.) 80 r.nb c::i.11111.tlnl thy1t>u.I du'.)c ltJd l111::,, 

c..:uuJJIJun ( 14) 01 I SI ::,,uhJt:dS wllh ,w c::i.11111.ah:d do~ 1Jllgc uf 81 1900 rad~, 

five hypol11yru1J pJllt:Ub wc1t: tuu11J wllh Jll 111udc11i.:c ul hypothy101lh::i.111 uJ 

U lJ% ycady 
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nae PIC!>Clll ~•udu:s suggcsl thJl there I!> lJ Slglllhl.:alll u:.k uf dcvclupmcut 

ul unpaired lhyro1d Junction many year> followmg csllmalcJ thyru1J Juscs of 
k>S ll1an 500 rads from the nuxlure of raJiu1u<l111es prescnl 111 foll·uut fwm 
nuclear Jclonaliuns In lhe Roni:<!lap and A1hngnac groups, lhe dfr.:I has 

appJrenlly uot been s1g111h..:anlly st:verc as to rc:>uH JU dum.:~tlly cv1t..lcut hypo· 

ll1yiu1J1s111, bul by currcnlly a.:cepleJ critorid !here is cvidcm;e uf 1mp.i1rcJ 

lhyw1J 1cserve m lhcsc >Ubjecls. ll letl untrcalcJ, 1t wuulJ be cxpc..:tcd thal 

lhy1uu.J hrndton wouJJ continut: to dc~n::asc in such :i.Ubjct.:h lo the 1101111 of 

duucal hypothyruiJ1>111. The Jala Ill Table VI also i11J1.:a1e that lhc f1equcncy 

ut an dcvatcd serum TSll, the eadicsl b1od1em1cal evidence of unpa1re1l thyroid 

funclllHI, i> also s1gnilkanlly more common in the expu.eJ Kongclap population 

lh.111 Ill the conlrol·unexposcd group There arc sever.ii ulher exposed Kungclap 

111J1v1Juab In whom rcsulls of basal TSll and at kasl one TKll iest have •uueslcJ 
lhc pussibihty lhal they may aho have evidence uf 11npa1rcJ ihyrout Jund1un 

l'lie::.c inJtvuluJls i!Cc t.:urrcntly unJerguiug repealed lcstjng to Jclcru1111c whclhc1 

ur not lhi!> preliuunary l!v1Jc11~t: uf lhyro1t.J tJysfuot.:1iu11 t.:i.IU l)t; t.:011l1rmcJ. 

111 summary, lhese tlala 1111lic•I• thal 111aJdition10 thyru1J noJulanly, • 
wdl-rcl'.ug1Utt!d m.uufc:-..lal1on of t!xposuu~ of lhc lhyro1J lo raJ1oacl1vc todmli.! 

01 l!Xkrnal rad1al1011, Luudlt!mlt.:al t:v1Jcm.c of lhyro1J Jy~tu11t.:l1u11 l'.aU i.liJpi!ar 

as long J> ~5 years .t lei 1hyru1J Jose> •slow as 350 rnJs. 

AlKNOWLt::l){.;Ult::NTS 

J lw. work WJ:i. ~upptH h:d In p•u I by lhc UqJartmcnt of lul'r~y. 
I' R L.Jhcn 1:io Jll JllYt:!i.llgJlor, lluwJrJ llughc~ Ml'dil.'.itl lihlllUk. 

We a1c gratdul lo S.T U1gu> for all•>Wini; us lo 1cv1ew Rel. I I I j l>do1c tis 
pulil&LJllOll. 
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cxpo:.urc: to r.iJ1u .. 1,..t1wc 1i1lluu1'", k•J1.allun·Asw..:1•lcU JhywuJ Car1,..111u111a (IH: (atUOT, 
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IHSt USSION 

M Di: LPLA · 1 woutlcr wlidl 1 clla11cc can be plaLl'd m Ilic Jo::.c::. you 
1qh.HI, Uct..:all:i.C I Jo 1wl hd1cYc lhJI lOOU JJJ::., ur C\'Cll I SUU, would h;ivc hcL:ll 

t:uuugh lo ::.upprc'.>S the ho11uunal ..ictwlly uf lite lliyro1d glJ11J of lwu duld1c11 

co11lJ111111aktl wl1t'.ll lhl'.y WCfl'. 011c year uld 111 fJLf, lo 0Ul.11n !i.lh..:11J1c~ull, 

Joi..:101~ l1aVt.: lo aJ1111111~ll'I a llo:.l' ul IJll ~IYlllg JI le.1-,1IUUUUU1".ld lt t) lllu.: 

lh.JI lllb iipphc:. lu J<lulb, hul Jll llil' ::..11uc lite Ju::.c d1Jh;1c1u.:..; ,q1pl'Jl:o. ~011:-.1da..il>k 

I{ A l'UNAl{U. "llti.:1c .. uc urn .. nl.1111l1c~ m lhc 1hy1tud du!:ii.: l':i.l1111.11l'-, 111 

1111.: Ma1::.hallt:!:iC, p.11t1nil.11ly 1111111.: d11IJ1i.:11. I ..iglt:t: ll would ::.l'llll ll~cly th.it 

1111.: &wu boys wltu di.:Ydnpl'd myxui.::dl.'.lllJ tt:Ll.'.Jvnl l11gl11.:t Ju::.l.·~ lh;..i11 lhu.,c 

i.::.11111.Jh:tl tu p1odll\...l.'. ..1l1ophy l)I the lhyro1d gl..ind. 

I\ SlllMAtll\.A lhc 1101111.d hu111,111 lily1u1d l'.i 1,1ll1U1i.::-.t.l.111I J~ l.11 a::. 

ll1~'1illd lt11h ... ltu11b1..i.llll~llll.·d, pJllcnh w1lli lil:.1d .111d 111..'.l ~ tu111uur:i. llL .. tlul hy 

_.J_._ __ 

;i¥~ 
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1.ullalhHI Jlum.: ~ddum Jc\ldop laypolhytu1Jb111. lluwt.:vc1, lhcn: a11.: lwo 

pupul,tlHHh uf l-Ji.tUl.'Uh who IUJ)' Jcvdup hypulliy1t1tdhrn fullow111g C-'kJ11JI 

IJdl.1(1011 1hc1...1py. lttu:>C w1•h head ;..111J Ut:t.:k (UIUUUC) who ICl:Cl\l~d 1.itllalHm 

ll1l'.1apy lullowwg :>t11gu.:al mampulalion, •rnd lho::.~ w1tl1 m.d1g11J11l ly111pho111J 

11,:i.Jktl willt 1...adlJllOH fhc1Jpy ufh.:r ly111phu•111giog1Jphy. S11u.:c l1ypu1liyllHJ1::.1n 

b u~UJllY .n::..o\..latcJ wilh l11gh duSl.:!i. of raJ1...1ttuu lo tl1c llly101d, hl)W Jo yuu 

JL1..tHllll lot your trnJJHg:> walh low do::,c::,"! 

ICA CONARD· In uur slu<iks wc arc '""'g vc1y >c11>1ltvc ksb loi 1i1yru1J 
funLliou, a11J our fmJmgs 11u.tit.:Jlc only b1tx.:h..:111u . .:al or :,ubdimt:c.tl hypulhy101d1::,11t 

JI p1.:!\c111 II lhc~..: :,cn:>lll\IC k)ls were u:.cd in 01hc1 t:asc) fullowiug cxlcroal 

llt.1J1Jl1u11. perhaps )Udt dfrt.:ls nui;ltl be t.lcmonstral>k .. 

Y. NISlllWAKI. I Jbu rn11<iu.:1cJ a11a11alys1S111 Jap<1n uf the highly 

IJlhUi.ll .. :l1vc Lill out un the JapaucSl! fishrng l>ual that was c1lgagcJ m fbhrni; 

.thoul 80 90 11ulc!I ca~t ol IJ.tkim al the tinu: oJ the llu:rmonudcar lest i..:uuJuclcJ 

c.11 ly 111 tile 111011u11g ol I M ... rd1 1954, alh.I wl11d1 rdun1cJ lo JJpau 111 lhc 1111t.ldk 

ol the :,J1Hc mouth Ac~orJmg tu 1hc ~lalcmculs ol ~umc of the crew, a few 

ho111~ aJla U1c 11icr111011udc<Jr Jcloll.JllOU an Bikuu Ille wlul1~h tllhl bca;Ju 10 

t.-11 u11 the hu'-!l !lu h1.·Jvily thJl for a pcuuJ they t.:uullt hJrJJy hc;.u tu opc.:u lhcir 

cyi..·s 1111d llltHtUb. II CtHll1HucJ to fJll fu1 scvcrJI hour::.,_ Some of the l.'.1cw 

1.1ppJr1..·111ly 11.1::.kd 11, lo )Cc wll.-111 wa), wuhout knowing that ti wa~ lug.lily 

1Jd1uad1vc. Ow111g lu 1hc tlilftcul&y of Ju~c cs11ma1io11 w1lliou1 more at.:t.:u1alc 

111lon11.1l1uo ou Ilic 1111t1JI cum ... lll1on, th~ ud10Jt..:livt: foll-out ~u11J11&011s 011 Ilic 

hu.11 Wl.:'IC cApL:t1llh:Ul.1Uy n.:p10t.h11.:cJ l -.I Ma~u~lll, Ille d11c.:f physll:lJll 111 

d1.1r~t.: ot 11c,1l111c11l ol 1111.: cxpu~cJ l:h:w JI Ille Tolyo U111vc1~11y lJosv1tJI, 

U:-.IJJg jilll\l~llLCd t..-UJJI 1ccl. rJIJ) t:Xpcrt11u:11I Wa!I LOJIUCtl OU( IH lhc J-lfCSCJlt.;C l)t 

lhe crew J~ WllllC'.)!IC~ of llic .1t..:111al dmount of a:>ll wl11d1 h.ul faJlcn \HI the Lual. 

nu'.) JIHUUlll WJ!I lhcn t.!!llillldkd lo Le al>oul J.J8 M.Sl mg/nul .• he fJJtoal"l&\ltly 

of the J'.)11 was c~l1111aktl by cxt1Jpola1w11 h> he Jhoul I ('i/g "'th..: lime it fell 

Ull lhc hoat. 'J Jk111g Hl{U +.:u1bh .. .k1J(IO(l VJrlUU~ po~)lblc CXjlU)Urc t:o11d1lltHI~ 

ut Ille Lr cw du1111g Ilic voyJgc, 1lu.! l'ruhablt.: g.rnuu.i Jo~c WJS C)llmalcJ tu Le 

111 lhc r:111gc 170 600 1<.1J The Jcg1i.:c of UllLTrl-.111ly WJ'io IJr g1ca1cr ltH Ille 

1111cn1al dose ·1 he hutg-llvcJ rndiu11ud1tk~ Jcki.:kJ m org'-111~ ~uda ,1::., tin: liver 

lllJllY w1..:d .• s l.ilcr '""ould Hui Le cuH:JJJcrl'd lhc only ~OUl(;C:J uf 111kr11.il cxpo!tUfc 

J)l·pc11d111g 011 Ilic J)~llUIL:d dt.:gfl.:c ol rn111-.l 11h.:01puJ;.al1Ull of ~hurl-llvcJ radll•

m1d1dc!I, a wide r.rngc ol c;,limalcs WJS pu:JMbk. hn Ille 1ivc1, a lt:w fJlh lo a 

lcw lc11s ul thousanJ!I ol rads, the prob.tl>lc Jose tang..: hcrng I U · I 0 4 r.ads; anJ 

fOJ hoilc -.ut.I huuc lllJUOW, a few ratb tu al>cHll LO r<.1J:J. If we a~~umc a uu11-

11JHlll111111y 1.1\lor ol fivL: lor horn.:, Ille Jthc l'.'.)lllllJl1on t:uulc.J he five 11u1c!I 

htghq. I .1111 pka~l~d It) ~cc lhJI Iii..: lh)1 1u1J do~cl. you c~tuuah:J 111 yuu1· report 

Lt•fl..__...,puud 111011.· u1 k)) lu our c~l1H1Jlc~ 111 u1dc1 ul 111Jg11itudc lluwc\11..:1, I 
.t~)luttc l11crL· WlllllJ lie :JUlllC llllu!f(JIHly Ill 1111~ type l>I JU)l.: l.:~lllUJliun WliJI 

kvd ut J1...1...·u1 .1t y Jo you a~:Jlbll to your do)c c~lllllJlluu"/ IJ1d yuu .abo uh)crvc 

I __ 1_ 
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olhcr r.1d1.tl1011 ~y11d1u111c) )Ud1 .1~ ro1d1odn111Jlllh, cp1l-.t10n, dt:uca~c ol 

lnt\.Ot:ylt..'s, Jc1...LCJ)C ot -,pc1111.-lo.ll•J, clL 111 llu.: l·~pu~i.:d MJr'>IJJllc~c'! 
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HA ('(lNAHD. fhc ll1yru1J Jo~i.;., 111 lite M.1rsl1alksc Wl·Jc h,1;,c.:J p1rnwnly 

u111.1d10-1ud1Ul' llh:J)>lllCllll"llb 111 u1111c 15 lL1y:, JllcJ i.;xpu~u1e. U11..:crt.JtllllC!I 

111d11dcJ kuglli ul lime uf lilt.: 1-.11oul,1cl.-11ve .th)olpltull lrum 1111lJl.tllu11 vc1:,us 

111g\'.::.l1u11, c11...· I lit:tdrnc Ill\'. du:,c) JIL: ;,ul1JL'LI lu c11u1 The gJllllllJ Jo::.,cs 

Jt:Lt:lvcd ~twuld l1i.: llHHt.: .11...c111..ill', ..i~ I hey JIC 111 ..1g1t.:c111c11l wlll1 Ilic valuc::. 

e)lllHJll:d tiu111 lhc dLgH:c ul i1Jl'lll.1lolugu.:JI d1a11gcs t)h::.,c1vnl. 

l'hc ::.k111 k)1011:J, q1l1Jtiun ..ind h..il'lll.tlologh.:Jl dlct.:b in the M<lf)h.-lk!IC 

WL:IL: )1U1tla1 lo lho::,t.: 1cpu11cJ b)"' your g1uup hH Ilic JJj>JJIC)l.: tbhcrmcll and 

l1J\lt: bcc11 dL)LJlhL:d cbt:wl1t.:1e. We wc1c 11ul Jhk lo Jo ::.perm i..:uu11b 011 lhc 

M..1r\l1alh.:~L:. Nu Juubt lh..:1c llHhl h..ivc hcc11 some degree ut 1clal1vc ~knllly 

~ooil .it1c1 cxpo)UIC, tlwugl1 111 :i.11l1)eljUC11l yc.t1!» ktlihty due~ uot .ippt:dr lu 

hJVC hcc11 lllliJJUt.'d. 
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